To study the effect of wetting-drying cycles (w-d) 
Introduction
1, 2].In addition, dynamic loads caused by events such as earthquakes, blasting, and rock bursts result in many natural hazards. Therefore, the studies on dynamic mechanical properties of rock after w-d cycles are meaningful.
Recent studies have focused on the effect of w-d cycles on the mechanical and physical properties of rocks. These studies have revealed that certain physical properties of density, weight, etc. decrease after cyclic wetting and drying, while porosity increases [3] [4] [5] [6] [7] .Mechanical properties including uniaxial compressive strength, tensile strength, and fracture toughness are also reduced after w-d cycles [8] [9] [10] [11] [12] [13] [14] . Hua et al. [8, 14, 15] analyzed the impact of w-d cycles on mode I fracture toughness K IC and mode II fracture toughness K IIC found that both K IIC and K IC decrease as the number of cycles increases.
There is a significant difference between the dynamic and static mechanical behavior of rocks [16] [17] [18] . Only a few investigations have been conducted on dynamic mechanical properties of rock after w-d cycles. For instance, Yuan et al. [19] studied its effect on uniaxial compressive strength of rock under dynamic loading, and found that dynamic uniaxial compressive strength reduces when the number of cycles rises. Zhou et al. [2, 7] conducted dynamic compression and tension experiments on rocks and established a relationship between strain rate, the w-d cycle and the dynamic strength. Du et al. [20] conducted dynamic tensile test of red sandstone after w-d cycles and obtained the relationship between the fractal characteristics of rock fragmentation and the number of cycles.
However, there currently exists the contradiction to the effect of w-d cycles on the dynamic and static mechanical behavior of rocks and the treatment methods and the number of cycles greatly affect the mechanical properties of rocks. Yuan et al. [19] found dynamic compression strength of sandstone is maximum after 1 w-d cycle, while Zhou et al. [2] found it increases with the number of w-d cycles using a different treatment method. In the research of Zhou et al. [2, 7] , the numbers of cycles are 0, 10, 20, 30, 40, and 50; one cycle consists of samples placed into water for 1 day, and then air dried at 25°C for at least 6 days. In the research of Du et al. [20] , the numbers of cycles are 0, 5, 10, 15, and 20 and the samples are dried at 60°C for 24 h. In these experimental results, tensile strength changes fastest when the number of cycles changes from 0 to 10. Other researchers [8, 14, 15] adopted different treatment methods for w-d cycles, and the results of those experiments show that K IIC and K IC decrease as the numbers of cycles increase, for 0, 1, 3, 5, and 7 cycles. Thus, based on these treatment methods in [8, 14, 15] , the dynamic tensile properties of rocks after 0, 1, 3, and 5 w-d cycles are studied in this work.
In this study, dynamic tensile tests of rock are carried out to study the influence of w-d cycles on dynamic tensile strength of sandstone. DIC method was used to analyze tensile failure. The relationship between the loading rate and the tensile strength of sandstone after w-d cycles was obtained to provide a reference for complex engineering problems that arise in coal mining, tunneling, and water conservancy.
Sample preparation
Sandstone from Pingdingshan city, Henan Province, China, was used in this experiment. The main composition is quartz and feldspar. The density of the sandstone is 2.56 g/cm3. The samples were made into discs recommended by the International Society for Rock Mechanics and Rock Engineering (ISRM) [21] .
Based on previous research [8, 14, 15] , sandstone samples were prepared after 0, 1, 3 and 5 w-d cycles. A w-d cycle included saturation and drying. First, to achieve saturation, the samples were placed in water for 24 h. Second, an oven set at 105°C was used to dry the saturated samples for 1 day. Finally, the dried samples were cooled to room temperature. After the cycles, the samples were placed in water for 2 days for testing. In this work, sandstone samples without w-d cycles were considered to have gone through 0 cycles.
Experimental setup
A 38-mm diameter SHPB system ( Fig.1 )was applied to carry out dynamic Brazilian disc (BD) experiments on the sandstone samples after 0, 1, 3, and 5 w-d cycles. The SHPB system, initially developed by Kolsky et al. [22] , has been recommended by the ISRM as a standard test facility [21] .It consists of three parts: striker, incident, and transmitted bar. After the incident waves enters the interface of the incident bar and specimen, some of them will be reflected back and the rest will pass through the sample and propagate through the transmitted bar. Figure 1 .The schematic of the SHPB system Through the strains obtained from the stress waves, we can calculate the forcesP 1 and P 2 on two sides of specimens using the following formula:
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where E and A are Young's modulus and the cross-sectional area of the bars, respectively [23] . i ε , r ε and t ε are the incident, reflected and transmitted strains, respectively.
Based on the theory of elasticity, the tensile stress is ( ) ( )
where P(t)is the diametrical load; D and B are diameter and thickness of the specimen, respectively. The maximum value of is dynamic tensile strength.
Results and discussion

Dynamic force equilibrium and determination of loading rate
Dynamic force balance in the specimen is a precondition for dynamic testing. The pulse shaping technique was applied to achieve this equilibrium by using copper sheets [24] [25] [26] . Figure 2 shows the typical force history on both ends of the specimen. We can see from Fig. 2 that the total of the incident and reflected force amounts to the transmitted force, indicating that dynamic force equilibrium is achieved.
Loading rate is determined through the relationship between tensile stress and time. A typical tensile stress history is shown in Fig. 3 . A linear phase appears in the range from 125 µs to 175 µs. The slope of the linear phase is the loading rate [25] . Using this method, the loading rate for this typical tensile stress history is 190GPa/s. 
As shown in Fig. 4 , this empirical formula matches the data trend well.
Using DIC with a high-speed camera to record tensile failure
The DIC technique has been widely used for noncontact deformation measurements [27] . In this work, a high-speed camera was used to investigate fracture processes during dynamic tensile testing. The DIC technique was applied to analyze stress and strain of samples. The dynamic split failure process and the tensile strain distribution of sandstone specimens are presented in Fig. 5 . Figure 5 shows that tensile failure occurs initially at the center of the specimen, and expands to both sides of the specimen along the loading direction until the specimen undergo a split failure. This indicates that the dynamic split tests satisfy the assumption of Griffith strength. The results are also consistent with those results reported by other researchers [17, [28] [29] [30] .
From the tensile strain distributions obtained by the DIC analysis, it is observed that the tensile strain extends from the area near the incident bar to the area near the transmitted bar. The maximum tensile strain occurs in the center of the disc, which proves that the validity of the dynamic indirect tensile test. 0us 30us40us 50us310us 0us30us40us 50us Figure 5 . Dynamic split failure process of sandstone samples and tensile strain distribution
Conclusion
In this work, we studied the influence of w-d cycles on dynamic tensile strength of rock. After 0, 1, 3, and 5 w-d cycles the sandstone specimens underwent dynamic tensile loading using the SHPB system and the BD method. Tensile failure was observed by the DIC method.
The tensile failure appears initially in the center of the BD samples, which is consistent with the tensile strain field obtained by the DIC. As loading rate increases, tensile strength increases significantly. The cyclic treatments degrade the dynamic properties of sandstone. An empirical formula links the loading rate and the tensile strength during w-d cycles. The results provide reference data for complex engineering problems that occur in coal mining, tunneling, and water conservancy. -loading rate, [-] 
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